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ABSTRACT

The aim of the study was to reveal the particularities of the concentration of cytokines IL4, IL6, IL10, IL17, IFNγ 
in blood serum in children with autism spectrum disorder (ASD).

Materials and methods. The blood samples obtained from children of two study groups: children with autism 
spectrum disorder (n = 93) and clinically healthy children (n = 30), served as the material for the study. Cyto-
kine concentrations were determined in blood serum using the Bender Medsystems (Austria) kits for IL17A and 
Vector-Best (Russia) kits for IL4, IL6, IL10, IFNγ. Serum cytokine concentrations were determined by enzyme 
immunoassay using kits for IL17A (Bender Medsystems, Austria), IL4, IL6, IL10, IFNγ (Vector-Best, Russia). As-
sessment of cognitive and psychophysiological indicators in children was performed using the Autism Treatment 
Evaluation Checklist (ATEC).

Results. The concentrations of IL17A (U = 54; p = 0.015) and IFNγ (U = 4.64; p = 0.006) were increased and the 
concentrations of IL6 (U = 327; p = 0.001) and IL4 (U = 177; p = 0.001) were decreased in children with ASD.

The concentration of IL6 correlates with the concentration of IL4 (r = 0.68; p < 0.05). The concentration of IL17A 
correlates with the concentration of IFNγ (r = 0.41; p < 0.05), IL6 (r = 0.87; p < 0.05) and ATEC score (r = 0.24; 
p < 0.05) in the group of children with ASD.

Conclusion. The cytokine imbalance in children with ADS, which was observed in the study, confirms the hypoth-
esis of their participation in the development of the disease and clearly shows the Th17 immunoregulation pathway 
in the pathogenesis of the autism spectrum disorder.
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РЕЗЮМЕ

Цель работы: выявить уровень концентрации цитокинов IL-4, I-L6, IL-10, IL-17, IFNγ в сыворотке крови  
у детей с расстройством аутистического спектра (РАС).

Материалы и методы. Материалом исследования служили образцы крови, полученные от детей двух 
групп исследования: детей с расстройством аутистического спектра (n = 93) и клинически здоровых детей 
(n = 30). Средний возраст в обеих группах составил (7 ± 2) лет.

В сыворотке крови методом иммуноферментного анализа определяли концентрацию цитокинов IL-17А  
(с применением набора Bender Medsystems, Австрия) и IL-4, IL-6, IL-10, IFNγ (Вектор-Бест, Россия). Оцен-
ку когнитивных и психофизиологических показателей проводили с помощью анкеты Autism Treatment 
Evaluation Checklist (АТЕС).

Результаты. У детей с РАС повышены значения концентрации IL-17A (U = 54; p = 0,015) и IFNγ  
(U = 4,64; p = 0,006) и снижены – IL-6 (U = 327; p  = 0,001) и IL-4 (U = 177; p = 0,001) по сравнению с этими 
показателями у детей в контрольной группе. Установлены корреляции между концентрацией IL-6 и IL-4  
(r = 0,68; p < 0,05); между IL-17A и IFNγ (r = 0,41; p < 0,05), IL-6 (r = 0,87; p < 0,05), количеством баллов 
АТЕС (r = 0,24; p < 0,05) у детей с РАС. 

Заключение. Установленный нами дисбаланс цитокинов у детей с РАС подтверждает гипотезу его уча-
стия в развитии РАС и свидетельствует об Th17-направлении иммунорегуляции в патогенезе расстройств 
аутистического спектра.

Ключевые слова: расстройство аутистического спектра, цитокины, нейроиммунное воспаление, интер-
лейкин 17А.
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INTRODUCTION
Autism spectrum disorder (ASD) is a current prob-

lem of the 21st century. More new cases of the disease 
are being revealed every passing year. According to 
the statistics, the prevalence of ASD is 1:68 among 
children under 8 years of age [1]. 

The analysis of scientific data related to ASD over 
the last 5 years demonstrates the significant growth 
in global interest in the disease. However, the exact 
mechanism of ASD pathogenesis remains unknown. 
One of the modern theories of ASD development is 
the neuroimmune inflammation hypothesis, which is 
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associated with food intolerance and cognitive dys-
functions involving innate and acquired immunity and 
microbiota [2, 3]. In our previous studies, we identi-
fied the peculiarities of food hypersensitivity in chil-
dren with ASD [4].

In this regard, the study of the role of interleukin 
17 (IL17) which is thought to be responsible for im-
mune homeostasis control in intestine mucosa, inter-
leukin 6 (IL6), interferon gamma (IFNγ), and anti-in-
flammatory cytokines such as interleukin 4 (IL4) and 
interleukin 10 (IL10) in ASD pathogenesis in children 
is of current interest. 

The study aims to reveal the peculiarities of the 
concentration of cytokines IL4, IL6, IL10, IL17, IFNγ 
in blood serum in children with an autism spectrum 
disorder.

MATERIALS AND METHODS
The study was held in the outpatient department 

of the Center of Family Medicine (Tomsk, Russia). A 
total of 123 children selected for the study were split 
into two groups. The main group was represented by 
93 children with a varying severity level of ASD di-
agnosed 4–5 years ago. 30 somatically healthy chil-
dren were selected for the control group. The average 
age of the children in both groups was (7 ± 2) years. 
Differentiated food hypersensitivity reactions were 
detected in both groups of children [4].

All parents of the children signed an informed con-
sent for complex research and processing of personal 
data. 

The blood samples taken from antecubital subcuta-
neous veins in fasting subjects served as the material 
of the study. Concentrations of IL4, IL6, IL10, IL17, 
IFNγ were assessed. Cytokines concentrations were 
determined in blood serum using the Bender Medsys-
tems (Austria) kits for IL17A and Vector-Best (Rus-
sia) kits for IL4, IL6, IL10, IFNγ.

To assess the cognitive and psychophysiological 
changes in children with ADS and to determine the 
disease severity during the period of blood samples 
analysis the parents of the children were asked to fill 
the special questionnaire, the Autism Treatment Eval-
uation Checklist (АТЕС) in accordance with their ob-
servations. The scores of the questionnaire of children 
from the control group were less than 10, confirming 
the absence of the disease in those children.

The statistical analysis was performed using the 
IBM SPSS Statistics 23.0 (USA) software. The ob-
tained data were processed using Kolmogorov – 
Smirnov test, Mann – Whitney U-test, Wilcoxon 

signed-rank test, and Spearman’s rank correlation co-
efficient. Two-sided p-values of < 0.05 were consid-
ered statistically significant.

RESULTS AND DISCUSSION
The results of the study listed in the Table 1 show 

that the IL17A concentration in children with ASD is 
significantly higher than in the control group (U = 54;  
p = 0.015).

T a b l e  1

Cytokines concentration in children with ADS and children 
from the control group

Cytokines,
pg/ml

Children with ADS Control group
Med IQR Med IQR

IL4 1.75* 1.00–14.93 16.30 15.58–17.13
IL6 3.20* 1.00–15.33 15.75 18.30–20.43
IL10 17.45 15.38–20.89 17.50 16.28–19.48
IL17А 9.58* 3.76–26.75 6.85 2.95–15.05
IFNγ 14.90* 13.12–16.10 13.35 11.85–14.20

* p < 0.05 in children with ADS compared with healthy children; 
Note. Med – median; IQR – interquartile range. 

IL17A is the pro-inflammatory cytokine produced 
by several human immune cells such as Th17, neu-
trophils, peripheral blood mononuclear cells, type 3 
innate lymphoid cells (ILC 3). The majority of these 
cells are situated in barrier tissues where they take 
part in homeostasis control in the intestine. The cy-
tokines IL17A, IL17F and IL22 produced by ILC 3 
cells enhance the barrier function of the intestine by 
stimulating mucin and antimicrobial peptide produc-
tion [6]. The disturbance in Th17 cells regulation and 
IL17A production is associated with the progression 
of numerous inflammatory and autoimmune diseases 
including intestinal inflammatory diseases [7].

In literature sources, there are data concerning the 
IL17A effector role in children’s behavioral anomalies 
caused by maternal immune activation, which shows 
the relation of neuroinflammatory state and behavioral 
manifestations [8, 9].

It is important to note that the highest IL17A blood 
concentrations among the children selected for our 
study were detected in severe disease manifestations 
cases determined according to the results of the ATEC 
test (r = 0.24; p < 0.05).  It may indicate that the in-
crease of IL17A concentration in serum is closely as-
sociated with the ADS severity degree.

The IL17 concentration increase in blood serum of 
children with ADS may be interrelated with the high-
er levels of IFNγ (r = 0.41; p < 0.05). According to 
the present data, the increase in IFNγ production is 
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associated with the Th17 cell plasticity. The repeated 
stimulation with various microbial antigens in diffe- 
rentiated cells leads to transcriptional changes in the 
Th17 line. Examples of such plasticity are Th17/Th1-
cells or ILC3 cells which are able to produce both 
IL17A and IFNγ [10, 11]. In return, IL17A is a stimu-
lator of pro-inflammatory cytokines (such as IFNγ and 
IL12) produced by macrophages [12]. It may explain 
the increase of IFNγ concentration in the blood serum 
of children with ADS comparing with the results in 
the control group (U = 4.64; p = 0.006). According 
to the literature sources, the direct action of IFNγ in 
high concentrations may interfere with the normal 
development of the neural system affecting dendrites 
morphology and synapses formation which can lead to 
ADS development [13].

According to the results of our study, the IL17A 
concentration in children with ADS changes in a uni-
directional way with the levels of IL6 (r = 0.87; p < 
0.05), concentration of which in children with ADS 
was decreased (U = 327; p = 0.001). It is well-known 
that IL6 is the key factor in Th17 cell differentiation 
[14]. It is the multi-purpose cytokine which may cause 
the cell responses to mediating inflammation, neuro-
genesis, gliogenesis, cell growth, and survival as well 
as myelinization and demyelination in CNS [15]. 
Moreover, it has regenerative and anti-inflammatory 
activity and participates in metabolic and neural pro-
cesses regulation [16]. Consequently, IL6 takes part in 
immune system activation, hypothetically causing the 
development of the ADS-like phenotype in descen-
dants [17].

Whereas, in the group of children with ADS the 
levels of IL6 correlate with IL4 concentration (r = 
0.68; p < 0.05), which was significantly lower in chil-
dren with ADS comparing with the control group (U 
= 177; p = 0.001). It is proved that IL4 participates 
in cognitive processes as a neuroprotector [18]. It be-
comes active during CNS inflammation, causes alter-
native activation of glia cells, and protects them from 
apoptosis. Probably, the IL4 concentration decrease is 
associated with ADS development.

According to the obtained data, there is no signifi-
cant difference in IL10 concentration in both groups. 

CONCLUSION
The cytokine imbalance in children with ADS, 

which was observed in our study, confirms the hypoth-
esis of their participation in the development of the 
disease and clearly shows the Th17 immunoregulation 
pathway in the pathogenesis of the autism spectrum 

disorder. However, further studies of the cytokine fea-
tures in ADS patients are required. It will allow under-
standing of the mechanism underlying the progression 
of neurodegenerative diseases, such as ADS, caused 
by inflammation.

REFERENCES

1.	 Christensen D.L., Baio J., Braun K.V.N., Bilder D., Char- 
les J., Constantino J.N. Prevalence and characteristics of au-
tism spectrum disorder among children aged 8 years-autism 
and developmental disabilities monitoring network. MMWR 
Surveillance Summaries. 2016; 65 (3): 1–23. DOI: 10.15585/
mmwr.ss6503a1.

2.	 Hu C.C., Xu X., Xiong G.L., Xu Q., Zhou B.R., Li C.Y., Qin 
Q., Liu C.X., Li H.P., Sun Y.J., Yu X. Alterations in plasma 
cytokine levels in Chinese children with autism spectrum dis-
order. Autism Research. 2018; 11 (7): 989–999. DOI: 10.1002/
aur.1940.

3.	 Fattorusso A., Di Genova L., Dell’Isola G.B., Mencaroni E., 
Esposito S. Autism spectrum disorders and the gut microbiota. 
Nutrients. 2019; 11 (3): 521. DOI: 10.3390/nu11030521.

4.	 Hudjakova M.I., Cherevko N.A., Skirnevskaja A.V., Rosen-
stein A.Z., Rozenshtejn M.Ju, Kondakov S.Je., Berezovskaia. 
K.V. Features of food hypersensitivity in children with autism 
spectrum disorder. Acta Biomedica Scientifica. 2019; 4(5): 
61–68. (in Russ.) DOI: 10.29413/ABS.2019-4.5.10

5.	 Eftekharian M.M., Ghafouri-Fard S., Noroozi R., Omrani M.D., 
Arsang-Jang S., Ganji M., Gharzi V., Noroozi H., Komaki A., 
Mazdeh M., Taheri M. Cytokine profile in autistic patients. Cy-
tokine. 2018; 108: 120–126. DOI: 10.1016/j.cyto.2018.03.034.

6.	 Ohnmacht C., Marques R., Presley L., Sawa S., Lochner M., 
Eberl G. Intestinal microbiota, evolution of the immune system 
and the bad reputation of pro‐inflammatory immunity. Cellular 
Microbiology. 2011; 13 (5): 653–659. DOI: 10.1111/j.1462-
5822.2011.01577.x. 

7.	 Wilke C.M., Bishop K., Fox D., Zou W. Deciphering the role 
of Th17 cells in human disease. Trends in Immunology. 2011; 
32: 603–611. DOI: 10.1016/j.it.2011.08.003.

8.	 Wong H., Hoeffer C. Maternal IL-17A in autism. Experimental 
Neurology. 2018; 299 (PtF): 228–240. DOI: 10.1016/j.expneu-
rol.2017.04.010.

9.	 Choi G.B., Yim Y.S., Wong H., Kim S., Kim H., Kim S.V., 
Hoeffer C.A., Littman D.R., Huh J.R. The maternal interleu-
kin-17a pathway in mice promotes autism-like phenotypes in 
offspring. Science. 2016; 351 (6276): 933–939. DOI: 10.1126/
science.aad0314.

10.	Sandquist I., Kolls J. Update on regulation and effector func-
tions of Th17 cells. F1000 Research. 2018; 7: 205. DOI: 
10.12688 / f1000research.13020.1.

11.	Duhen R., Glatigny S., Arbelaez, C.A., Blair T.C., Oukka M., 
Bettelli E. Cutting edge: The pathogenicity of IFN-γ–produc-
ing Th17 cells is independent of T-bet. The Journal of Im-
munology. 2013; 190 (9): 4478–4482. DOI: 10.4049/jimmu-
nol.1203172.

12.	AL-Ayadhi L.Y., Mostafa G.A.. Elevated serum levels of in-
terleukin-17A in children with autism. Journal of Neuroinflam-
mation. 2012; 9 (1): 158. DOI: 10.1186 / 1742-2094-9-158.



178

__________________________

Authors information
Khudiakova Maria I., External PhD Student, Siberian State Medical University, Tomsk, Russian Federation. ORCID 0000-0002-

6320-5017.
Cherevko Natalia A., Dr. Sci. (Med.), Professor of the Department of Allergology and Immunology, Siberian State Medical University, 

Tomsk, Russian Federation. ORCID 0000-0003-1023-4137.
Novikov Pavel S., External PhD Student, Siberian State Medical University, Tomsk, Russian Federation.
Berezovskaya Ksenia V., General Practitioner, Pediatrician, Center of Family Medicine, Tomsk, Russian Federation.

(*)  Khudiakova M.I., e-mail: khudiakovami@mail.ru.

Received 07.02.2020
Accepted 29.09.2020

Bulletin of Siberian Medicine. 2020; 19 (4): 174–178

13.	Leipzig N.D., Xu C., Zahir T., Shoichet M.S. Functional im-
mobilization of interferon‐gamma induces neuronal differen-
tiation of neural stem cells. Journal of Biomedical Materi-
als Research Part A. 2010; 93 (2): 625–633. DOI: 10.1002/
jbm.a.32573.

14.	Kuchroo V.K., Awasthi A. Emerging new roles of Th17 cells. 
European Journal of Immunology. 2012; 42 (9): 2211–2214. 
DOI: 10.1002/eji.201242872.

15.	Erta M., Quintana A., Hidalgo J. Interleukin-6, a major cyto-
kine in the central nervous system. International Journal of 
Biological Sciences. 2012; 8 (9): 1254–1266. DOI: 10.7150/
ijbs.4679.

16.	Scheller J., Chalaris A., Schmidt-Arras D., Rose-John S. The 
pro- and anti-inflammatory properties of the cytokine inter-
leukin-6. Biochimica et Biophysica Acta. 2011; 1813(5): 878–
888. DOI: 10.1016/j.bbamcr.2011.01.034.

17.	Atladottir H.O., Thorsen P., Ostergaard L., Schendel D.E., 
Lemcke S., Abdallah M., Parner E.T. Maternal infection re-
quiring hospitalization during pregnancy and autism spectrum 
disorders. Journal of Autism and Developmental Disorders. 
2010; 40 (12): 1423–1430. DOI: 10.1007/s10803-010-1006-y.

18.	Gadani S.P., Cronk J.C., Norris G.T., Kipnis J. IL-4 in the 
brain: a cytokine to remember. The Journal of Immunology. 
2012; 189 (9): 4213–4219. DOI: 10.4049/jimmunol.1202246.

Khudiakova M.I., Cherevko N.A., Novikov P.S. , Berezovskaya K.V. Features of the cytokine profile in children with autism


